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Abstract 
Reducing energy consumption and ensuring thermal comfort are two important considerations in designing an air 
conditioning (AC) system. An AC system, originally operated on an on/off control mechanism, was retrofitted to 
enable the application of the new controllers. This paper deals with independent control methods for the AC system 
based on the thermostat on/off control, digital on/off control, digital on/off control with a personal computer (DPC) 
and fuzzy logic control (FLC). Measurements were made at a time interval of one minute for set point temperatures 
of 22, 23 and 24oC. The room air temperature, energy consumption and energy saving were analyzed for all control 
methods. The main objective is to determine the amount of energy savings when digital on/off control, DPC and FLC 
are applied to the AC system. The experimental results showed that these controls saved energy consumption and 
improved indoor comfort significantly for a building AC system compared to a thermostat on/off control method. 
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1. Introduction 
Air conditioning (AC) is increasingly being used in residential and commercial buildings which 
directly contribute to increased energy consumption. The challenge for the AC professionals is on how to 
best maintain the thermal comfort level of occupants and yet consume energy efficiently. However, in 
practice thermal comfort is not often realized because the capacity of installed AC system always exceeds 
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the actual load by 10-15% based on considerations for future development and the request of building 
owners. This over sizing leads to wasteful usage of energy [1]. 
 
Nomenclature 
 
C  cool 
FT  fast 
H  hot 
N,NM,NO normal 
NE  negative 
PO  positive 
SL  slow  
 
Energy consumption can be reduced by improving the performance of the compressor or the 
coefficient of performance (COP), which depends on the speed of the compressor. COP value will be 
larger at the lower compressor speed which results in low energy consumption. Increase in compressor 
speed results in increased energy consumption with low COP [2]. With inverter technology, compressor 
speed can be varied by changing the frequency, voltage and current of the compressor motor.  
This study aims to identify energy savings of an existing AC system by replacing the conventional 
thermostat control with on/off digital control and application of artificial intelligence (AI) control system. 
FLC is chosen as a model of AI control system. The study investigates the room temperature distribution, 
energy consumption and energy saving. 
2. Fuzzy Logic Control Algorithm 
The major components of FLC are input and output variables, fuzzification, inference mechanism, 
fuzzy rule base and deffuzification [3]. The fuzzy input variables are the error (e) and the error difference 
('e) with the universe of discourse for e and 'e is –2oC to +2oC. The universe of discourse for the output 
fuzzy variable ('Z) is 0 to 10 Vdc. The membership functions were chosen to be moderate overlap with  –
2, –1, – 0.5, 0, 0.5, 1 and 2 distribution of input fuzzy subsets and  0, 2.5, 4, 5, 6, 7.5 and 10 distributions 
for output fuzzy subsets.  Fig. 1 shows the diagrammatic representation of a fuzzy set corresponding. A 
Fuzzy logic rules corresponding to Fig. 1 is shown in Table 1. 
 
Fig. 1. Triangular membership functions for inputs and output 
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Table 1. Fuzzy association map  
 
'Z e 
H N C 
'e 
NE SL SL SL 
NO SL SL SL 
PO FT NM SL 
3. Experimental Setup 
The study focused on the centralized air-conditioning system. The AC system has two compressors 
(compressor A, 7 kW and compressor B, 5 kW). Fig. 2 shows the experimental setup. Five T type 
thermocouple sensors (points: T1, T2, T3, T4, and T5) and one humidity sensor (Rh2) were placed on the 
opposite walls in the laboratory. Thermocouple is used to transmit the temperature data to the data-
acquisition system for the control action. The control signal output is supplied to the inverter, which 
modulates the electrical frequency supplied to the motor. The room setpoint temperatures during the 
experiments were 22, 23 and 24oC. In each experiment, the AC system responded to the actual cooling 
load that prevailed during the experimental period. The experimental work was conducted using 
thermostat control, digital on/off control, DPC, and FLC strategies to maintain the set-point temperature.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Experimental setup 
4. Results and Discussion 
Fig. 2 shows the indoor air temperature response at various temperature settings. The controller turns 
on the compressor motor when the room air temperature reaches the upper limit of temperature setting, 
and turns off at the lower limit temperature setting. In the fuzzy logic control experiment, initially the 
motor was set to run at the maximum speed and as time progressed the room air temperature decreased. 
Referring to the setpoint temperature, the controller minimized the error between the setpoint and the 
actual room temperature by changing the speed of the compressor motor. The motor speed drops abruptly 
as the room air temperature reaches the setpoint. The controller manipulates the motor speed so that the 
room air temperature is at or close to its setpoint temperature. Using digital on/off, DPC and FLC, the 
resulting room air temperatures were much closer to the setpoints when compared with the simple 
thermostat on/off control action. 
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Energy consumption at various temperature settings estimated are thermostat: 2191.70 kWh/month 
(22, 23 and 24oC), digital on/off: 1095.2 kWh/month (24oC); 1255 kWh/month (23oC); 1665.9 
kWh/month (22oC), DPC: 1080.0 kWh/month (24oC); 1100.9 kWh/month (23oC); 1363.2 kWh/month 
(22oC), and FLC: 481.6 kWh/month (24oC); 588.3 kWh/m (23oC); 1133 kWh/month (22oC). In 
comparison with simple thermostat control, the energy saving is estimated to be between 23 to 50% for 
digital on/off control, 37 to 51% for DPC and 48 to78% for FLC at temperature settings of 22, 23 and 
24oC.  
 
 
Fig. 3. The indoor air temperature response at various temperature settings 
5. Conclusions 
The research has shown that FLC gives the most energy savings and performs better than the other 
control systems investigated. This research shows that the use of a variable speed compressor and a 
suitable control strategy to enable better control of the room air temperature to be obtained with 
significant energy saving.  
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